Currently, four species of the lacertid lizard genus Adolfus are known from Central and East Africa. We sequenced up to 2825 bp of two mitochondrial [16S and cytochrome b (cyt b)] and two nuclear [(c-mos (oocyte maturation factor) and RAG1 (recombination activating gene 1)] genes from 41 samples of Adolfus (representing every species), two species each of Gastropholis and Holaspis, and in separate analyses combined these data with GenBank sequences of all other Eremiadini genera and four Lacertini outgroups. Data from DNA sequences were analysed with maximum parsimony (PAUP), maximum-likelihood (RAxML) and Bayesian inference (MrBayes) criteria. Results demonstrated that Adolfus is not monophyletic: Adolfus africanus (type species), Adolfus alleni, and Adolfus jacksoni are sister taxa, whereas Adolfus vauereselli and a new species from the Itombwe Plateau of Democratic Republic of the Congo are in a separate lineage. Holaspis and Gastropholis were recovered in separate clades. Based on these molecular data, relatively substantial sequence divergence, and multiple morphological differences, we describe a new genus of lacertid for the lineage including A. vauereselli and the new Itombwe species. The recognition of this new, endemic genus underscores the conservation importance of the Albertine Rift, especially the Itombwe Plateau, a unique region that is severely threatened by unchecked deforestation, mining, and poaching.z oj_732 913..942 © 2011 The Linnean Society of London, Zoological Journal of the Linnean Society, 2011Society, , 163, 913-942. doi: 10.1111Society, /j.1096Society, -3642.2011 ADDITIONAL KEYWORDS: Afromontane -Albertine Rift -conservation -endemism -Itombwe Plateaulizard -systematics.
INTRODUCTION
Meadow and forest lizards of the lacertid genus Adolfus are currently known from Central and East Africa, including Adolfus africanus (mid-to low-elevation forests from Cameroon to Kenya), Adolfus alleni (montane moorlands of Kenya and Uganda), and Adolfus jacksoni and A. vauereselli, which are both known from mid-to high-elevation forests in countries surrounding the Albertine Rift (Spawls et al., 2002; Köhler et al., 2003) . Adolfus are medium-sized (total size to 25.6 cm), relatively slim lizards, and tend to be good climbers on standing and fallen timber, rocky walls, holes, and crevices (A. africanus is also known to climb twiggy and herbaceous plants), but tend to hunt on the ground (Arnold, 1989a (Arnold, , 1998 Spawls et al., 2002) . Recent work on this genus has included aspects of reproduction (A. jacksoni, Goldberg, 2009 ), endoparasites (A. jacksoni, Goldberg & Bursey, 2009 , geographical distribution (A. africanus, Köhler et al., 2003) , and morphology and colour pattern (A. jacksoni, Poblete, 2002) .
The taxonomic status and affinities of the currently recognized species of Adolfus have changed considerably over time. The genus Adolfus was first proposed by Sternfeld (1912) for the taxon Adolfus fridericianus, which was presumably in honour of Adolphus Frederick, Duke of Mecklenburg, who led the German Central Africa Expedition in 1907-08 when the specimens were collected (Frederick, 1910) . In his opus on the family Lacertidae, Boulenger (1920) considered A. fridericianus to be a synonym of Algiroides africanus (= Algyroides africanus), a species he described in 1906, and recognized Algiroides alleni, Lacerta jacksonii (a species he described in 1899), and Lacerta vauereselli. Based on morphological characters, Arnold (1973) resurrected the genus Adolfus for A. africanus, A. alleni, and A. vauereselli , and noted a close relationship between this genus and Bedriagaia, Gastropholis, and L. jacksoni. In morphology-based parsimony and compatibility analyses, Arnold (1989a) transferred L. jacksoni to the genus Adolfus, synonymized Bedriagaia with Gastropholis, recognized a clade called the 'Equatorial African group' including Adolfus, Gastropholis, and Holaspis (a well-supported clade recovered in a later morphology-based phylogeny by Harris, Arnold & Thomas, 1998) , and discussed the problematic relationship of Holaspis to the paraphyletic genus Adolfus; if the latter two genera were to be joined, Holaspis would have priority. Arnold (1989a, b) admitted that Adolfus was poorly defined, and considered A. jacksoni to be the most plesiomorphic member of the Equatorial African clade. In a more extensive morphological analysis of the entire family Lacertidae, Arnold (1989b) grouped the Equatorial African Clade with Lacerta jayakari (now Omanosaura jayakari), Lacerta australis (now Australolacerta australis) and several other genera (e.g. Tropidosaura, Poromera, Nucras) in an 'Ethiopian and advanced Saharo-Eurasian forms' (ESE) group, which was later included in an 'Armatured Clade' (Afrotropical species plus Eremias, Acanthodactylus, Mesalina, and Ophisops) in recognition of the members' unique supporting structure of the male hemipenis (Arnold, 1986a (Arnold, , 1998 Harris et al., 1998) . Mayer & Benyr (1994) used an albumin-based analysis of most lacertid genera to imply paraphyly of the ESE group, with some of the Saharo-Eurasian genera grouping with European lacertids. Based on a combination of morphology and mtDNA data that contradicted several findings of Mayer & Benyr (1994) , Harris et al. (1998) assigned the subfamily Eremiainae (Szczerbak, 1975) to the Armatured Clade.
More recent analyses of lacertids with mitochondrial data have done little to clarify the position of Adolfus in relation to other members of the Equatorial African clade, or the ESE group as a whole. Although Fu (1998) recovered a monophyletic 'African clade' in a mitochondrial phylogeny of lacertids, no members of the Equatorial African clade were included. Harris (1999) combined the mitochondrial data of Fu (1998) and Harris et al. (1998) with some new data to produce a phylogeny of Lacertidae, but support for the ESE clade (still recognized as Eremiainae) was weak; two samples of Adolfus (A. africanus and A. jacksoni) were not supported as sister taxa. Fu (2000) published another phylogeny of Lacertidae with six mitochondrial genes (4.7 kb of DNA data), with most trees supporting the monophyly of the ESE clade, but with the exception of three closely related genera (Nucras, Latastia, and Heliobolus), relationships amongst ESE genera were unclear, and the monophyly of two samples of Adolfus (A. jacksoni and A. vauereselli) was again not supported. The latter two species of Adolfus were not recovered as monophyletic in a study focused on Australolacerta australis with mitochondrial data (Salvi, Bombi & Vignoli 2011) . Mayer & Pavlicev (2007) published the first lacertid phylogeny based on nuclear data [c-mos (oocyte maturation factor) and RAG1 (recombination activating gene 1)], and recovered two clades within a wellsupported ESE (Eremiainae) group: clade B 1, mainly from sub-Saharan Africa, including Poromera, Nucras, Latastia, Philochortus, Pseuderemias, Heliobolus, Tropidosaura, Pedioplanis, Ichnotropis, and Meroles; and clade B2, mainly from the Saharo-Eurasian region, including Ophisops, Omanosaura, Acanthodactylus, Eremias, Mesalina, Adolfus, and Holaspis, with the latter two Central African genera as well-supported sister taxa. Arnold, Arribas & Carranza (2007) re-analysed the data sets of Harris et al. (1998) and Fu (2000) , and published yet another lacertid phylogeny based on two mitochondrial genes [12S and cytochrome b (cyt b)]. Although their main focus was not on the ESE group, they redefined the Eremiainae as the tribe Eremiadini, and placed the North African monotypic genus Atlantolacerta as the most basal member of the Eremiadini. Pavlicev & Mayer (2009) criticized the data set of the latter study as 'relatively short mitochondrial sequences when all taxa are considered', rejected the tribe Eremiadini (instead recognizing it as subfamily Eremiadinae), but confirmed the placement of Atlantolacerta as the most basal member of the group. Hipsley et al. (2009) used mitochondrial and nuclear data from several previous studies to confirm the main findings of Mayer & Pavlicev (2007) , but continued to recognize the tribe Eremiadini (sensu Arnold et al., 2007) and revised the date of its origin to the mid to late Eocene, when the group could have invaded north-western Africa via small island chains.
Three of the four species of Adolfus can be found in eastern Democratic Republic of the Congo (DRC), which harbours a panoply of habitats ranging from lowland rainforest to alpine grassland (Vande weghe, 2004; Bastin et al., 2004) . Based on fieldwork in the poorly known Itombwe Plateau (eastern DRC) by E. G., C. K., and M. M. A., we collected several specimens of an Adolfus that does not fit the description of any currently recognized species. To clarify the position of the Itombwe population to other Adolfus, we sequenced multiple genes from several members of the Equatorial African group of lacertids (Adolfus, Gastropholis, and Holaspis), and discovered that the Itombwe population is a new species belonging to a lineage that deserves recognition as a distinct genus. We follow the general lineage species concept (de Queiroz, 1998 (de Queiroz, , 1999 , an extension of the evolutionary species concept (Wiley, 1981) , which provides a consistent philosophical framework for taxonomic decisions, and rejects the premise of subspecies as natural groups. Our species recognition criteria (Wiens & Penkrot, 2002; de Queiroz, 2007) correspond in part to traditional morphological species, which are diagnosed by unique morphological characters, size, and colour pattern. We utilize a molecular estimate of phylogenetic relationships that is based on multiple, unlinked markers from multiple individuals within species to guide species delimitation and diagnosis, and identify relevant comparisons for species diagnoses (Barraclough & Davies, 2005; Brown et al., 2009 Mayer & Pavlicev, 2007) , the basal-most member of Eremiadini (Atlantolacerta andreanskyi, Arnold et al., 2007) , and three Lacertini genera (Iberolacerta cyreni, Podarcis muralis, Timon tangitanus). Some samples (e.g. A. alleni) did not amplify for all genes; all sequences were deposited in GenBank (Appendix 1). Genomic DNA was isolated from alcohol-preserved liver or muscle tissue samples with the Qiagen DNeasy tissue kit (Qiagen Inc., Valencia, CA, USA). We used 25 mL PCR reactions with gene-specific primers (Table 1) with an initial denaturation step of 95°C for 2 min, followed by denaturation at 95°C for 35 s, annealing at 50°C for 35 s, and extension at 72°C for 95 s with 4 s added to the extension per cycle for 32 (mitochondrial genes) or 34 (nuclear genes) cycles. Amplicons were visualized on a 1.5% agarose gel stained with SYBR Safe DNA gel stain (Invitrogen Corporation, Carlsbad, CA, USA), and target products were puri- (CAS 201598), A. vauereselli (UTEP 20294, 20296) , and the new species (UTEP 20263); Pavlicev & Mayer (2006) also reported c-mos pseudogenes in three species of Lacerta. Our pseudogene sequences were excluded from the data set of this study.
SEQUENCE ALIGNMENT AND PHYLOGENETIC ANALYSES
An initial alignment of each gene was produced in MEGALIGN (DNA Star) with the ClustalW algorithm, and manual adjustments were made in MacClade 4.08 (Maddison & Maddison, 2005) . Proteincoding genes were translated to amino acids with MacClade to confirm conservation of the amino acid reading frame, ensure alignment, and check for premature stop codons. No ambiguously aligned regions were observed, and as a result, no data were excluded from phylogenetic analyses. Phylogenetic relationships amongst the samples were assessed with maximum parsimony (MP), maximum likelihood (ML), and Bayesian inference (BI) optimality criteria in the programs PAUP* 4.0b10 (Swofford, 2002) , RAxML (Stamatakis, 2006) , and MrBayes 3.1 (Ronquist & Huelsenbeck, 2003) , respectively. For MP analyses, the heuristic search algorithm was used with 100 random-addition replicates, accelerated character transformation and tree bisectionreconnection branch swapping, zero-length branches collapsed to polytomies, and gaps treated as missing data; we used nonparametric bootstraps (1000 pseudoreplicates) to assess node support in resulting topologies from these parsimony searches (Felsenstein, 1985) . The Akaike information criterion (Posada & Buckley, 2004) in jModelTest (Posada, 2008) was used to find the model of evolution that best fitted the data for subsequent BI analyses. RAxML analyses were executed with partitioned data sets (one for 16S, and one for each codon position of all other protein-coding genes), and 100 replicate ML inferences were performed for each analysis. Each analysis was initiated with a random starting tree, included the GTRGAMMA option (-m) and employed the rapid hill-climbing algorithm (-x) (Stamatakis et al., 2007) . Clade support was assessed with 1000 bootstrap replicates, with the rapid-hill climbing algorithm (Stamatakis, Hoover & Rougemont, 2008) . Phylogenetic trees were visualized with FigTree (http:// tree.bio.ed.ac.uk/software/figtree/). Partitioned Bayesian analyses were conducted with default priors. Analyses were initiated with random starting trees and run for 10 000 000 generations; Markov chains were sampled every 1000 generations. Convergence was checked by importing the trace files (p files) from the MrBayes output to the computer program TRACER v.1.3 (http://tree.bio.ed.ac.uk/ software/tracer/), which plots the likelihood values against generation number. Once the graphical plot levelled off, convergence had been met; we conservatively discarded 25% of trees as 'burn in'. Four separate analyses with two independent chains were executed to check for convergence of log-likelihoods in stationarity (Huelsenbeck & Ronquist, 2001; Leaché & Reeder, 2002) . To test the monophyly of polyphyletic lineages recovered in our phylogenetic analyses of the four-gene data set, we used the ShimodairaHasegawa (SH) and approximately unbiased (AU) tests as implemented in CONSEL v0.1i (Shimodaira & Hasegawa, 2001; Shimodaira, 2002) . We tested the hypothesis of zero-length branches for polyphyletic lineages of the Equatorial African lacertids by comparing the likelihood of the optimal ML tree from the four-gene data set (16S, cyt b, c-mos and RAG1) to the likelihood of the optimal tree with one branch collapsed with the 'describe trees' function in PAUP* (sensu Poe & Chubb, 2004) , and a Bonferronicorrected P-value of 0.025.
Combining data from multiple mitochondrial genes is appropriate because the entire animal mitochondrial genome is inherited as a single unit, and different mitochondrial genes are not independent estimates of organismal phylogeny (Moore, 1995; Page, 2000) . We combined mitochondrial and nuclear gene data sets if there was no strong bootstrap support for conflicting nodes [exceeding 70% for MP analyses (Hillis & Bull, 1993) and 95% for ML and BI analyses (Leaché & Reeder, 2002; Wilcox et al., 2002) ] when these data sets were analysed independently. After preliminary analyses confirmed that there was no conflict between mitochondrial and nuclear gene data sets (data not shown), we conducted two analyses: (1) c-mos and a 1012-bp fragment of RAG1 (primers from Mayer & Pavlicev, 2007) for samples from this study and previously sequenced lacertids from GenBank (Appendix 1) with Gallotia as the outgroup; and (2) both mitochondrial (16S and cyt b) genes, c-mos, and a 1394-bp fragment of RAG1
[primers from Groth & Barrowclough (1999) and Bauer et al. (2007) ] for every sample from this study with three Lacertini outgroups.
MORPHOLOGY
Specimens examined for this study (Appendix 2) were preserved in 10% buffered formalin in the field, and transferred to 70% ethanol at the conclusion of each expedition. Tissues were harvested before formalin fixation from the liver or hind limb muscle of lizards, and preserved in 95% ethanol. Institutional abbreviations are listed at http://www.asih.org/codons.pdf. The first author recorded morphometric data from these preserved specimens with vernier callipers to the nearest 0.1 mm under a stereomicroscope. Colour descriptions were based on preserved specimens, field notes, and colour digital images in life. Sex was determined by direct examination of gonads, or from the presence of everted hemipenes as noted in field notes. X-rays for descriptions of the postcranial skeleton were taken with a Kodak Image Station In-Vivo FX (Carestream Health, Inc., Rochester, NY, USA) under the following conditions: f-stop: 8.0; field of view: 198 mm; focal plane: 0; exposure time: 288 s; kilovolt potential energy: 35; filter: 600 WB.
Meristic and mensural characters were chosen from lacertid studies by Arnold (1989b) and Lue & Lin (2008) . Measurements were taken on the right side of the lizard and included: snout-vent length (SVL, from tip of snout to anterior margin of vent); tail length (TL, from posterior margin of vent to tail tip, measured only from specimens with complete and original tails); head length (HL, from tip of snout to anterior margin of ear opening); maximum head width (HW, measured at the broadest point); head height (HH, measured at the jaw rictus); skull length (SKL, from tip of snout to posterior margin of occipital); snout-eye length (SEL, from tip of snout to anterior margin of eye); mouth length (ML); snout-arm length (SAL, from tip of snout to anterior margin of forelimb); axilla-groin distance (AGD, from posterior edge of forelimb insertion to anterior edge of hind limb insertion); humerus length (HML); radiusulna length (RUL); femur length (FL); tibia-fibula length (TFL); and longest toe length (LTL, length of fourth toe on hind limb).
Meristic data were taken from the right side of each lizard, except for femoral pore counts if field/museum tags were tied to the right leg. Definition of scales follow those of Arnold (1989b) and Arnold et al. (2007) , and included: chin shields (CS); femoral pores (FP); supralabials (SL); infralabials (IL); supraoculars (SO): supraciliaries (SC); supraciliary granules (SG); supratemporals (ST); anterior dorsal scale rows (ADS, counted transversely at posterior insertion of forelimbs); posterior dorsal scale rows (PDS, counted transversely at anterior insertion of hind limbs); dorsal scale rows at midbody (DSR, counted transversely at midpoint between fore and hind limbs); dorsal scale numbers (DSN, counted longitudinally from posterior margin of occipital to posterior margin of hind limbs); ventral rows (VR, counted transversely at midbody); ventral scale numbers (VN, counted longitudinally from posterior margin of collars to anterior margin of preanal scales, average taken from the middle two rows); caudal scales (CDS, counted around the tail at the position of the 11 th and 15 th scale to avoid the difference between males and females); and subdigital lamellae on fingers (SDF1 to SDF5) and toes (SDT1 to SDT5).
RESULTS

MOLECULAR PHYLOGENETICS
Relationships amongst members of the Equatorial African Group of lacertid lizards are shown in Figures 1 and 2 ; MP, ML, and BI analyses produced nearly identical topologies for each data set, with only minor differences in bootstrap support for each analysis. For the four-gene data set ( genes. Bootstrap and posterior probability values for each well-supported node are listed in the order: maximum parsimony/maximum likelihood/Bayesian inference.
PHYLOGENY OF EQUATORIAL AFRICAN LACERTIDAE 919
Acanthodactylus ( (Table 2) . Uncorrected p sequence divergence for the c-mos/RAG1 data set ranged from 0.0-0.1% within populations of A. vauereselli and A. sp. nov. (Itombwe Plateau), but ranged from 1.3-2.2% between these well-supported taxa; equivalent 16S mitochondrial data ranged from 0.0-1.5% within populations of each taxon to 5.9-6.3% between these taxa (data not shown). Between the two disjunct, montane populations of A. alleni, cyt b divergence (the only gene that amplified for both samples) was 10.9% (data not shown). Hypothesis tests that constrained the monophyly of Adolfus were not significantly different from our preferred tree (AU: P = 0.381; SH: P = 0.382). Tests for zero-length branches for the lineage containing Holaspis + A. vauereselli + A. sp. nov. (P = 0.263) and the lineage containing Gastropholis + A. africanus + A. alleni + A. jacksoni (P = 0.139) were not significantly different from zero.
TAXONOMIC IMPLICATIONS
Our molecular data sets indicate that Adolfus is polyphyletic (with weak support) with regard to Acanthodactylus, Gastropholis, and Holaspis (Figs 1, 2); there is a six-codon deletion in the RAG1 gene for the lineage including A. alleni, A. africanus, and A. jacksoni, and c-mos/RAG1 uncorrected p sequence divergence between the two well-supported Adolfus lineages is equal to or exceeds divergences noted for previously recognized lacertid genera (Table 2 ; Mayer & Pavlicev, 2007) . Although our hypothesis tests that constrained the monophyly of Adolfus were not significant, these results are not surprising given the zero-length branches separating the lineages of Equatorial African lacertids. As there are numerous mensural, meristic, and qualitative differences between the wellestablished genera of Equatorial African lacertids (Table 3 ; Arnold, 1989a), and considerable taxonomic instability would be created by grouping this diverse assemblage of lizards into one genus, we recognize each well-supported lineage of Adolfus as a distinct genus. Accounts for both genera are provided below, and follow the format of Arnold et al. (2007) .
Our data also suggest that species diversity within Adolfus sensu stricto is currently underestimated. The sequence divergence (cyt b) between the samples of A. alleni from the Aberdares and Mt Kenya suggest that these populations are not conspecific, and Arnold (1989a: table 2) provided mensural and meristic data that showed marked differences amongst populations from Mt Kenya, Mt Elgon, and the Aberdares. Loveridge (1957) did not recognize any of these populations as taxonomically distinct, but additional sampling is needed before taxonomic recognition of these populations would be warranted. Further study is also needed on the Arusha, Tanzania population of A. jacksoni, which has a colour pattern that is noticeably different from populations in the Albertine Rift (see also Poblete, 2002; Spawls et al., 2002) .
ADOLFUS STERNFELD, 1912
Type species: Adolfus africanus (Sternfeld, 1912 (Sternfeld, '1913 Distribution: Western Cameroon east to southern Sudan, Uganda, Kenya, and Tanzania, and south to north-western Zambia (Köhler et al., 2003) , with When more than one sample was sequenced for a given species, specific locality information is provided for the sample included in this table. and Spawls et al. (2002) .
isolated montane populations in the Aberdare Mountains, Mt Kenya, and Mt Elgon (Spawls et al., 2002) . Colouring: Adolfus africanus: the entire head is metallic copper bronze with a continuous mid-dorsal band of the same colour and width of the head continuing to the end of the tail. Within the mid-dorsal band are numerous randomly distributed black spots, usually beginning near the origin of the fore limbs and extending slightly beyond the base of the tail. A longitudinal series of white round spots border the mid-dorsal metallic band laterally; these coalesce into thin narrow stripes on the tail. The lateral sides of the body have dark brown bands originating on the side of the head and extending posteriorly onto the tail; some specimens have additional, diffuse rounded white spots aligned along the lower edge of the dark lateral band. Venter immaculate lime green. Adolfus alleni: ground colour brown or olive, with a broad or fine dark vertebral stripe. Two black-edged, limegreen or red-brown dorsolateral stripes extend from the posterior edge of the parietals to about the hind limb insertions, and may continue as brown lines onto the tail. The lateral sides of the body are rufous or light brown; the belly varies from orange or orangepink to blue. Adolfus jacksoni: brown to olive on the dorsum of the head, with a continuous mid-dorsal band of the same colour (occasionally light green) and width of the head continuing to the end of the tail. Within the band are randomly scattered black spots or oblique black dashes. The lateral sides of the body are much darker than the dorsum, usually brown but sometimes black, and usually contain several series of 
Ecology: Adolfus africanus is known from primary
Guineo-Congolean forest (580-2200 m) and has been observed basking in dappled sunlight on fallen tree limbs, trunks and exposed roots within a few metres of ground clearings in forest (only a few were observed on tree trunks above 3 m from the ground), suggesting that this species is primarily an inhabitant of undergrowth (Spawls et al., 2002; Köhler et al., 2003) . It has been collected in highly disturbed forest in north-eastern DRC (E. G., C. K., & M. M. A., pers. observ.) and Kenya (Köhler et al., 2003) . Adolfus alleni is known from alpine moorland, heather and Hagenia-Hypericum zones from 2700-4500 m, and is more terrestrial than other members of the genus, living in tussock grass and open patches in between (Spawls et al., 2002) . Adolfus jacksoni is known from clearings, forest edges, gallery forest, and disturbed habitats, even occurring in the middle of the city of Bukavu (DRC) on slopes that have been cleared of forest for centuries (E. G., C. K., & M. M. A., pers. observ., Schaller, 1964) , and in suburban gardens in Arusha, Tanzania (W. R. B., pers. observ.). The species has been recorded from 450-3000 m (Spawls et al., 2002) .
Reproduction: No reproductive data are available for A. africanus or A. alleni, but A. jacksoni has been observed nesting communally in crevices on exposed vertical road cut walls, and lays clutches of three to five eggs (Spawls et al., 2002) . Goldberg (2009) (Tornier, 1902) .
Distribution:
Occurs from the Lendu Plateau (west of Lake Albert in DRC) along the Albertine Rift and its foothills through Uganda, Rwanda, and Tanzania as far south as the Kabobo Plateau at the border of South Kivu and Katanga Provinces, DRC (Spawls et al., 2002; Appendix 2 Postcranial skeleton: Average number of presacral vertebrae in males 25 or fewer (both species); C. vauereselli has six to seven long free dorsal ribs immediately posterior to thoracic ribs; very elongated long free dorsal ribs immediately posterior to thoracic ribs, about twice the length of other free dorsal ribs; posterior border of medial loop of clavicle present and thickened; and transverse process of anterior autotomic caudal vertebrae directed roughly laterally (Arnold, 1989a) .
Scaling: Contact between postnasal and supranasal scales below level of nostril absent; two loreal scales on each side; supraciliary granules present; lower eyelid opaque and covered with relatively small scales; parietal scales without lateral corner erosion; temporal scaling relatively fine; keeling on temporal scales variable, but usually absent; keeling on collar scales absent; granules beneath collar scattered or absent; dorsal scales somewhat enlarged; microornamentation of dorsal scales smooth; flank scales in close contact; four complete rows of ventral body scales and an outer row on each side that is strongly reduced anteriorly; keeling on ventrals absent; preanal scale entire and without keeling; no keeling on scales beneath limbs; row of femoral pores long, extending almost to knee (C. asukului) or shortened row of femoral pores, well separated from the knee (C. vauereselli); scales bearing femoral pores not or only slightly projecting, close together in males; hind toes without fringes; no pad of spinous scales on dorsum of tail base (Arnold, 1989a) . In contrast to Arnold, we did not observe a gular fold on any specimens of C. vauereselli, and only faint indications of a gular fold on four adult specimens of C. asukului.
Colouring: Congolacerta vauereselli: the dorsum of the head is light yellow to copper bronze with a continuous mid-dorsal band of the same colour and width of the head continuing to the end of the tail. Within the mid-dorsal band are small dark brown to black spots, sometimes forming a vertebral stripe. The lateral sides of the body are reddish brown, edged in black above, with one or two series of white, black-edged ocellar spots. A cream or white streak extends from the cheek to the side of the neck and passes through the ear opening. Venter usually immaculate and unpigmented. Colouring of C. asukului is generally similar to that of C. vauereselli (one major exception is yellow ventral pigmentation with black or brown blotches), and details are given in the species description below.
Distinctive internal features: Congolacerta vauereselli
tongue surface mainly squamate; tongue colour in alcohol dark; a 'Varanidae' ulnar nerve pattern with no continuous independent ulnar nerve and all fibres to lower limb passing through the branchial trunk; exit of oviducts into genital sinus dorsal; female genital sinus bilobed (Arnold, 1989a) .
Hemipenis: Congolacerta vauereselli size relatively large; intramuscular portion of hemipenial armature very deeply cleft anteriorly; medial side of hemipenial armature not reduced; size of hemipenial clavulae large; shape of hemipenial clavulae complexly lobed (Arnold, 1989a) .
Ecology: Congolacerta vauereselli is found in clearings and openings within Guineo-Congolian forests from 1000-2675 m. Little is known of its natural history, but based on observations made in Bwindi National Park (Uganda), Spawls et al. (2002) suggested that it is likely to be similar to A. africanus. Congolacerta asukului is known from high elevations (> 2650 m) grasslands of the Itombwe Plateau, and has been found in small burrows amongst tussocks of grass.
Reproduction: No reproductive data are available for either species of Congolacerta.
Remarks: Several mensural, meristic, qualitative, and molecular divergence characters distinguish the Itombwe population of Congolacerta from its congener C. vauereselli. The Itombwe population is described as a new species below.
CONGOLACERTA ASUKULUI GREENBAUM, VILLANUEVA, KUSAMBA, ARISTOTE & BRANCH SP. NOV. Diagnosis: Congolacerta asukului can be distinguished from all other species in the Equatorial African group of lacertids by the following combination of characters: (1) medium body size (SVL 53.7-58.3 for adult males; 51.9 in one adult female); (2) dorsum brown, rusty brown or tan with several dark brown to black blotches forming a vertebral line from occipital to first quarter of tail, and a dark brown line with cream or greyish white blotches extending from lateral side of rostral through eye and flanks to lateral side of tail; (3) moderate numbers of femoral pores (11-16); (4) low numbers of supraciliary granules (three to four); (5) moderate numbers of dorsal scale rows at midbody (28-33); (6) moderate numbers of dorsal scales in a longitudinal row from occipital to posterior insertion of hind limb (73-85); (7) high numbers of ventral scales from collar to preanal (24-28); (8) high numbers of caudal scale rows at 15 th scale (21-25); (9) smooth dorsal scales; and (10) yellow ventral coloration with black or brown blotches.
ASUKULU'S GRASS LIZARD
Differential diagnosis from similar species: As the genera Adolfus and Congolacerta have similar external morphology, the new species is diagnosed from all species in each genus. Congolacerta asukului differs from its partially sympatric and phenotypically similar congener C. vauereselli (Fig. 3E, F) by a higher SVL/TL ratio of 52.3 (vs. 44.4-51.7), a smaller HML (4.4-6.1 vs. 6.0-10.4), a smaller TFL (5.2-8.1 vs. 8.2-10.3), a higher number of femoral pores (11-16 vs. 8-11), a smaller number of supraciliary granules (3-4 vs. 4-8; Fig. 7) , a smaller number of dorsal scale rows at midbody (28-33 vs. 31-48), a higher number of VN (24-28 vs. 21.5-24), a higher number of caudal scales at the 15 th scale row (21-25 vs. 16-21), a smaller number of subdigital lamellae on digits 1 (6-7 vs. 7-9), 2 (10-11 vs. 11-13), and 4 (15-16 vs. 16-19), dorsal scale keeling (smooth vs. keeled), ventral pigmentation (yellow with black or brown blotches vs. usually unpigmented), and habitat (montane grassland vs. forest clearings and openings). Algiroides boulengeri, Peracca 1917, described from Fort Portal, Uganda (east of Ruwenzori Mountains) was synonymized with C. vauereselli by Loveridge (1957: 229) , with which it shares keeled dorsal scales and a strip of metallic bronze in the middle seven to eight longitudinal scale rows (Peracca, 1917) , and is clearly not conspecific with C. asukului. Most examined specimens of C. vauereselli have unpigmented venters, but UTEP 20295 (adult male) from the Kabobo Plateau (most basal population of this species in all analyses, Figs 1, 2) has a yellow venter with some black blotches concentrated on the lateral margins. The new species differs from A. africanus in having a smaller SEL (4.0-5.4 vs. 5.9-7.0), a smaller HML (4.4-6.1 vs. 6.6-8.9), a smaller RUL (4.2-6.9 vs. 7.5-8.1), a smaller FL (5.3-7.7 vs. 9.3-11.0), a smaller TFL (5.2-8.1 vs. 9.3-10.9), a smaller LTL (6.3-8.9 vs. 9.3-11.7), a smaller number of supraciliaries (4-5 vs. 6), a smaller number of supraciliary granules (3-4 vs. 6-8), a higher number of dorsal scale rows at midbody (28-33 vs. 23-26), a higher number of DSN (73-85 vs. 42-53), a higher number of VN (24-28 vs. 22-24), a higher number of caudal scales at the 11 th and 15 th scale rows (21-25 vs. 14-16), fewer numbers of subdigital lamellae for each digit (Table 5) , dorsal scale keeling (smooth vs. strongly keeled), ventral coloration (yellow with black or brown blotches vs. green), and habitat (montane grassland vs. forest clearings and openings).
The new species differs from our two examined specimens of A. alleni in having two loreals (vs. one), supraciliary granules (present vs. absent), dorsal scale shape (rhombic vs. lanceolate), dorsal scale keeling (smooth vs. strongly keeled), granules beneath the collar (present vs. absent), and ventral coloration (yellow with black or brown blotches vs. orange, orange-pink, or blue). The new species also has larger numbers of anterior, posterior, and mid-dorsal scale rows, femoral pores, and subdigital lamellae under toe IV (Table 5 ). Arnold (1989a: table 2) noted several interesting mensural, meristic, and qualitative differences amongst three allopatric populations of A. alleni, which suggests that our two samples from Mt Elgon (Uganda) and the Aberdare Mountains (Kenya) are likely not to be conspecific (Appendix 2).
The new species differs from A. jacksoni in having a smaller ), a smaller number of femoral pores (11-16 vs. 15-19) , a smaller number of PDS (31-37 vs. 37-44), a smaller number of , a smaller number of , a smaller number of subdigital lamellae of several fingers and toes (Table 5) , flank colour pattern (spots vs. ocelli), and habitat (montane grassland vs. forest clearings and openings). The new species is not known to tolerate anthropogenically disturbed habitats in the same manner as A. jacksoni.
Description of holotype:
Measurements of the holotype are provided in Table 6 . Rostral separated from frontonasal by supranasals; nostril surrounded by supranasal, postnasal and first supralabial; supralabials seven (fourth largest) and infralabials six on each side; supraoculars three on each side, the posterior-most ones much smaller than others; supraciliaries five on each side, first supraciliary largest and continuing to dorsum of head to contact first supraocular (probably fused to former first supraocular), relative lengths 1 > 2 > 5 > 4 > 3; second supraciliary in contact with first supraocular, posterior three supraciliaries separated from posterior supraoculars by two (left) or four (right) supraciliary granules; postnasal one, followed by two loreals at each side, anterior loreal smaller than posterior one; two prefrontals separated by medial contact of frontal and frontonasal; frontal hexagonal, contacting supranasals, postnasals, anterior loreals, prefrontals, and frontal; frontoparietals two and connected; parietals two, separated by two interparietals (anterior interparietal largest) and occipital; supratemporals five on each side, the first one largest; temporal scales non-imbricate, much larger than scales posterior to ear opening; six pairs of chin shields, anterior-most three pairs in contact medially; faint indication of gular fold; collar with seven plates, granules present beneath collar; dorsal scales on body enlarged, imbricate, smooth, and rhombic, extending anteriorly beyond forelimbs on to neck, slightly larger than lateral scales at midbody, much larger than lateral scales near limb insertions; 61 anterior dorsal scale rows, 37 posterior dorsal scale rows, 32 scale rows at midbody; 85 scales counted longitudinally from occipital to the posterior margin of hind limb on middle-left and middle-right rows, respectively; lateral body scales at midbody smooth and rhombic, arranged in disorder; lateral body scales at limb insertions small, smooth, and granular, arranged in disorder; small postfemoral mite pockets present (containing larvae of trombiculid mites); ventral scales rectangular, smooth, in six longitudinal rows at midbody, median and outer longitudinal rows smaller than others, outer-most rows incomplete and smooth; 26 (left) and 25 (right) scales counted longitudinally from collars to preanal on middle-most two rows; preanal single, ovoid, enlarged, and smooth; 14 femoral pores on each side; scales on anterior and dorsal surfaces of forelimbs enlarged, smooth and imbricate; scales on posterior and ventral surfaces of forelimbs mostly small and granular, with two rows of enlarged, smooth, and imbricate scales; two rows of enlarged, smooth, and imbricate scales on anteroventral side of hind limbs, the other areas with small, smooth, granular scales; relative lengths of appressed fingers IV > III > II = V > I; subdigital lamellae seven (left) -seven (right), 11-11, 14-15, 16-16 , 10-9 on fingers I, II, III, IV, and V, respectively; relative lengths of appressed toes IV > III > V > II > I; subdigital lamellae eight (left) -seven (right), [15] [16] II, III, IV, and V, respectively; tail long (191% of SVL) and complete, covered with strongly keeled scales on lateral and dorsal sides, in 33 rows at base, decreased to 24 rows at 15 th scale.
Coloration in life:
From photographs of holotype before preservation (Figs. 3A, B) . Dorsal ground colour brown to rusty brown with several dark brown to black blotches on the head scales, mid-dorsal area (forming a vertebral line from occipital to first quarter of tail), limbs, and tail. A narrow line of cream to white spots forms a border between the dorsum and flanks from the parietals to the insertion of the hind limb. A dark brown line with cream blotches extends from the lateral side of the rostral through the eye and flanks to the lateral side of the tail. Lateral side of snout and neck (below dark brown line) cream with dark brown blotches. Chin shields white, remainder of venter light yellow anteriorly, becoming increasingly darker yellow posteriorly, with dark brown to black blotches on the lateral sides of the venter and limbs. Coloration in preservative (70% ethanol) similar to coloration in life.
Variation: Variation of mensural and meristic data in the paratypes of C. asukului is shown in Table 6 . The holotype is the only specimen with separated prefrontals; the prefrontals are in broad contact in UTEP 20267-68 and 20266, and the prefrontals are in narrow contact in UTEP 20264 and 20265. Three specimens (UTEP 20265-67) have only one interparietal; the interparietal in UTEP 20266 is unusually elongate, and is about 2.5 times longer than wide. Coloration in life of UTEP 20265 (Fig. 3C ) differed from the holotype in having a tan dorsal ground colour, and greyish white flanks below the dark brown lateral stripe. Coloration in life of UTEP 20267 (Fig. 3D ) differed from the holotype in having rusty . Because of mining activity, widespread cattle/goat grazing (E. G., C. K., & M. M. A., pers. observ.), and dry-season burning of grasslands for agriculture (C. K., pers. observ.), the area, extent and quality of the grassland habitat is declining. Applying the IUCN Red List criteria IUCN (2001) to C. asukului results in a classification of endangered, EN B1ab(iii).
DISCUSSION
Using the Bayesian phylogenetic analysis program TreeTime, Hipsley et al. (2009) estimated that the common ancestor of Eremiadini lacertids dispersed to north-western Africa via small island chains from Europe in the mid-to late Eocene, substantially earlier than the previous estimates of c. 14 Mya by Pavlicev & Mayer (2009) . Separation of the 'SaharoEurasian' and 'Ethiopian' lineages (equivalent to clades B 1 and B2 of Mayer & Pavlicev, 2007) occurred shortly thereafter. Given the pattern we recovered for the Equatorial African group of lacertids near the base of the Eremiadini clade, it is likely that the genera Adolfus, Congolacerta, Gastropholis, and Holaspis diverged from each other shortly after the group's arrival in Central Africa, either in the late Eocene or the Miocene. The Miocene was a relatively dry period marked by expansion of grasslands (Lovett et al., 2005) , and is synchronous with orogeny of the Albertine Rift, which began forming via doming in the early Miocene (Vande weghe, 2004; Partridge, 2010) .
As C. asukului is known from a small area (550 km 2 ) at the highest elevations of the Itombwe Plateau, potential negative effects from global warming are of paramount concern. In general, the African continent has warmed by 0.5°C since 1900, but global climate models for future temperature and precipitation trends are problematic (Hulme et al., 2005) . Hernes et al. (1995) and Ringius et al. (1996) constructed climate change scenarios that predicted equatorial African countries would warm by 1.4°C by the 2050s. Hulme et al. (2001) also constructed climate change scenarios that predicted a 0.2-0.5°C/ decade increase in temperature, with the least amount of warming in equatorial latitudes and coastal environments. These authors examined the intermodel range of their global climate models to assess their levels of agreement, and found the smallest range over northern Africa and the equator, suggesting that warming estimates for equatorial Africa are relatively robust. However, estimates of the magnitude and direction of future rainfall changes in Africa are not precise, because models have not accounted for the roles of land-cover change, and dust and biomass aerosols in inducing regional climate changes (Hulme et al., 2005) . This is especially relevant to Itombwe, where human activity during Africa's World War (Prunier, 2008) destroyed large areas of natural habitat on the plateau (E. G., C. K., & M. M. A. pers. observ.). Alward, Detling & Milchunas (1999) noted that average annual minimum temperatures (T MIN) have increased at twice the rate of average annual maximum temperatures at a global scale. These authors analysed a 23-year data set from a montane grassland long-term ecological research site in Colorado (USA), and demonstrated that increased TMIN was correlated with decreased net primary production by the dominant C4 grass, rendering the habitat more susceptible to invasion by exotic species and less tolerant of drought and grazing. If similar effects are occurring at Itombwe, it is likely that the highelevation grassland habitat will be devastated, possibly leading to the extinction of C. asukului. Moreover, in a study that focused on the potential effects of global climate change on Mexican lizards, Sinervo et al. (2010) noted that extinction risk was significantly related to low latitudinal and altitudinal range limits, where thermal physiology and/or eco-logical interactions limit species, especially viviparous species in cool, montane habitats. Although C. asukului is probably oviparous, it is restricted to a limited latitudinal and elevation range in a cool, montane habitat, rendering it especially vulnerable to extinction risk from global warming.
Recognition of the genus Congolacerta adds another distinct evolutionary lineage to a long list of taxa that are endemic to the Albertine Rift mountains in eastern DRC, Uganda, Rwanda, Burundi, and Tanzania (Plumptre et al., 2007) . Overall, the Albertine Rift contains more than half of continental Africa's bird species (Omari et al., 1999) , and nearly 40% of its mammal species (Plumptre et al., 2007) , including endangered mountain gorillas (Gorilla beringei; Schaller, 1964; Eckhart & Lanjouw, 2008) . Many of these high-elevation forests are threatened by deforestation, and on a global scale, montane forests make up 12% of existing tropical forests worldwide, but are being cleared at twice the rate of the global average (Sodhi, Brook & Bradshaw, 2007) .
Amongst other Albertine Rift sites, Itombwe (under consideration for a national park) has the most threatened species of amphibians (Laurent, 1964 (Laurent, , 1983 Evans et al., 2008; Stuart et al., 2008; Roelke et al., 2011) , and the second-highest number of endemic amphibians (most not recorded for 60 years), rendering it amongst the most important sites for amphibian conservation in continental Africa (Burgess et al., 2004) . Two amphibian genera, Laurentophryne, Tihen, 1960 and Chrysobatrachus, Laurent, 1951 , are endemic to Itombwe, and the latter genus is only found above 2400 m, with a peak in activity during the dry season (Laurent, 1951 (Laurent, , 1964 . Congolacerta asukului underscores the high levels of reptile endemism of the plateau -Itombwe also contains large numbers of endemic and threatened plants, butterflies, birds, and mammals (Louette, 1990; Omari et al., 1999; Plumptre et al., 2003) . This diversity is remarkable given the superficial herpetological exploration of the plateau; Laurent (1954) mentioned only two reptiles from the upper plateau of Itombwe (2500-3000 m), including taxa in the lizard genera Trioceros (Chamaeleonidae) and Leptosiaphos (Scincidae).
In October 2006, parts of the Itombwe Plateau were recognized as the Réserve Naturelle d'Itombwe (RNI), by decree of the Ministry of Environment, Conservation of Nature and Tourism (C. K., pers. comm.). An administration with a managing warden was established for RNI in 2008, but armed militias have impeded conservation efforts (E. G., C. K., & M. M. A., pers. observ.). The reserve faces severe anthropogenic pressure from a growing human population (Barnes & Lahm, 1997) , and park rangers are not yet established to ameliorate poaching and deforestation (elephants were probably extirpated recently), which is currently not monitored. Based on preliminary vegetation surveys, Doumenge (1998) remarked that Itombwe is, 'undoubtedly the second most important, if not the most important, location of highland forests in continental Africa'. As multiple, additional new species of amphibians and reptiles await description (E. G., unpubl. data), it is likely that Itombwe's importance as a centre of endemism and conservation concern will increase as biological exploration continues. CER, Corey E. Roelke field series; DRC, Democratic Republic of the Congo; IBES and Sa field numbers were kindly provided by Salvador Carranza; CRT field number was kindly provided by Zoltán Nagy and Jos Kielgast; NM Nairobi and field numbers without letters, William R. Branch tissue collection.
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